Thin Rings and Arches 


317 


horizontal restraint. Hence, as far as the preliminary design is concerned, we have 
established the important bracketing values of the bending moment. Assuming, 
then, that the horizontal bar shown in Fig. 27.3 is not perfectly rigid, the values of 
the bending moment for 6 = 0 and 6 — 7r/2 should increase. The maximum bending 
stresses are found at the two points of load application. Therefore when a certain 
amount of horizontal constraint is present, the stresses at the critical locations are 
reduced. 


ANALYSIS OF PISTON RINGS 

Many types of piston, retaining, and snap rings encountered in machine design 
have one common feature. Structurally, they all represent split, circular rings of 
uniform or variable cross section, depending on the particular loading and stress 
requirements. In the literature they are sometimes referred to as concentric or 
eccentric rings, corresponding to uniform or variable thickness. In the case of 
retaining or snap rings, they can be produced with rectangular, square, or circular 
cross sections. The split rings used with the pistons of steam engines and gasoline 
motors are known under the general heading of “piston rings” and are produced with 
rectangular and rectangular element cross sections. All the split rings described in 
this section can be basically of two types, external or internal. In the case of the 
external types, the ring is designed to fit into a circumferential groove on a shaftlike 
member. With the internal type, the groove is cut into the side of a cylindrical 
housing. 

The analysis of piston, retaining, and snap-type rings involves the theory of 
curved structural members, which is beyond the scope of the elementary texts on 
machine design. Commercially produced split rings are available as off-the-shelf 
items because they lend themselves to a mass production. For these and similar 
reasons, the great majority of handbooks seldom treat this important topic of ma¬ 
chine design, which is of special interest to those engaged in the field of internal 
combustion engines, steam engines, compressors, and pumping machinery. Since 
the basic problem of a piston ring involves several facets of solid mechanics, mate¬ 
rials science, and practical engineering, this section is devoted to a more complete 
presentation of the subject material in a manner directly applicable to engine de¬ 
sign. 

The piston of a gasoline motor or a steam engine must slide freely in a cylinder 
and it is only slightly smaller than the diameter of the cylinder. To ensure a 
completely tight joint between a piston and the cylindrical surface packing rings are 
used to take up the clearance between the piston wall and the cylinder. Such rings 
vary in design and, throughout the years, efforts have been made to manufacture a 
ring that would give an ideally tight joint. Although an ideal design has not been 
found, many known configurations serve the purpose and are generally inexpensive 
to manufacture. Several patented designs are available for gasoline engines, and 
a number of standard configurations can be found in design specifications in this 
country and elsewhere. An interesting example of this type of a specification is 
found, for instance, in Germany [27]. 

It should be pointed out that the basic reason for employing a varying ring 
thickness is to assure a relatively uniform pressure against the cylinder wall all 



